Rickettsial permeability. An ADP-ATP transport system.
The obligate intracellular parasitic bacterium, Rickettsia prowazeki, has a carrier-mediated transport system for ADP and ATP. The transport of nucleotides was measured by membrane filtration assays; the assay was shown not to harm the relatively labile rickettsiae. The nucleotide transport system was shown to reside in the rickettsiae, not in the contaminating yolk sac mitochondria of the preparation. The influx of nucleotide had an activation energy of 12 to 13 kcal above 22 deg-rees (an apparent transition temperature), and 30 kcal below this value. The uptake of nucleotide was independent of the Mg2+ concentration, but was markedly stimulated by the phosphate concentration. The pH optimum of the influx of nucleotide was pH 7. The specificity of the transport system was remarkable in that it required a specific moiety in each portion of the nucleotide, i.e. an adenine base, a ribose sugar, and two or three, but not one, phosphates. Of the wide variety of compounds tested, the system could transport only ADP, ATP, and (beta, gamma-methylene) adenosine 5'-triphosphate. The influx of nucleotide was a saturable process; half-maximum velocity was achieved at a nucleotide concentration of about 75 muM. ADP and ATP were competitive inhibitors of each other's transport. Although at least 95% of the labeled intracellular nucleotide was exchangeable, efflux of labeled nucleotide was observed only in the presence of unlabeled nucleotide in the medium. Half-maximum efflux was achieved at a concentration of about 75 muM. A large intracellular to extracellular concentration gradient of labeled nucleotide was maintained in the presence of metabolic inhibitors and uncouplers, which completely abolished rickettsial hemolysis. While having no effect on the steady state, KCN and DNP accelerated both influx and efflux. Measurements of the endogenous pool of adenine nucleotides in isolated rickettsiae show that is was large (5 mM), and that these unlabeled nucleotides exchanged, on approximately a 1/1 basis, with exogenously added nucleotide. These studies support the proposal that rickettsiae are not "leaky" to adenine nucleotides or to small molecules in general, and that they have a carrier-mediated transport system which allows an exchange of host and parasite ADP and ATP.